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MEASURED AND ESTIMATED AERODYNAMIC CHARACTERISTICS
FOR A MODEL OF A ROCKET BOOSTER AT MACH NUMBERS
FROM 0.6 TO 4 AND AT ANGLES OF
ATTACK FROM 0° TO 1809%

By Leland H. Jorgensen and Stuart I.. Treon
SUMMARY

Aerodynamic characteristics of normal force, axial force, and pitch-
ing moment have been measured for a model of a rocket-powered booster at
Mach numbers from 0.60 to 4.06. The model had externsl fittings and
engine fairings such as might be used on = large liquid-fuel booster. The
model was tested throughout the angle-of-attack range of 0° to 180° at
bank angles of 0° and 90°. 1In addition to tests of this model, selected
tests were made of the model with the external fittings removed and the
model with the external fittings and engine fairings removed. For all
tests the Reynolds number ranged from 0.22x10%° to 0.93X10°, based on
model diameter.

Large changes in the aerodynamic characteristics resulted from changes
in Mach number, changes in angle of bank, and removal of the booster engine
fairings. The external fittings (other than the engine fairings) had
relatively small influence on the forces and moments.

An analytical method for estimating the aerodynamic characteristics
of boosters has been assessed by comparing computed with experimental
results. The comparisons show that the normal-force variation with angle
of attack can be predicted reasonably well at supersonic Mach numbers.
However, at subsonic Mach numbers the method loses accuracy primarily
because of failure to fully account for a significant amount of normal
force from the engine fairings. With the engine fairings removed the
method predicts the experimental normal forces fairly well at subsonic
as well as at supersonic Mach numbers. At all Mach numbers there is still
much to be desired in the prediction of pitching moments, and the computed
centers of pressure at some angles of attack can be in error by as much
as half a body diameter.
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INTRODUCTION

Following ejection of o manned space capsiule
~f an abort during lsunch, it i1s imperative that th oster fly a trajec-
tory in which it cannot collide with the capsule. n order tc compute the
trajectories for the booster and capsule, aerodynamic force and moment
coefficients for these vehicles at various speedt are required. Because
4f the lack of experimental force and moment characteristics for bocsters

2 booster because
=)

over wide ranges of Mach mumbers and angles of attack, a wind-tunnel inves-

tigation of a model of & typical rocket-powered boooter has been conducted.
Aerodynamic data for inis model Loth with and withoub simulated external
fittings and engine ¥ nge have been obtained. e 2odel was tested

cver the Mach number raou 50 0.0 to b at bank angles of 07 and 90“ and

at angles of attack rang from 0° toc 180%. ®orco snd moment, character-
istics also have been Ccovm for the model at “heze Lest condlitions,

and ccomparisons of ccmputed with measured resulits have been made. The
purpose of thlis report then I twofold: flrst, to present the experimental
results and, second, o chow the comparilsons sl ie computed with the
experirental resulis.

NOTATION

A cross—sectional =res of cylindrical portion of body
Ab area over which Ttate pressure, Py is conglidercd acting

A, plan-form ares

. e s axial force
axial-foree coefticlent, axial 1orce
A a A

[e0]

Cq crossflow drag coefficient of circular cylinder based on cylinder

c g for
diameter, SEOEE 10TCE
qNﬁcydcy
c ttchineg-moment coefficient about reference center shown in figure
m -]

pitching moment
q Adcy
o0 b

l(a),

normal force
q A
[0 0]

CN normal-force coefficlent,

C. nressure coefficient,
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cone

Cy

SF

stag

diameter =f specified body cection

lenpth of specified bedy section

component of Mach number normal to body axis. M sin ¢
free-stream Mach number

pressure

free-stream static pressure

bedy volume

free-gstream dynamic pressure

distance from nose face to centroid of body plan-form area
center of pressure measured from ncse face

distance from nose face to pitching-moment reference center
angle of attack

sngle of bank about body longitudinal axis (see fig. i(a))

Subscripts

nose adapter

base

cone

cylinder

cone frustum

skin friction
stagnation

total
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FXPERIMENTAL CONSIDERATIONS

Wind Tunnels

The experimental investigation was conducted in the Ames 2- by 2-foot
transonic wind tunnel and the 1- by 3-foot supersonic wind tunnel No. 1.
The 2- by 2-foot transonic tunnel is of the closed-circuit, variable-
pressure type. It has a flexible-plate nozzle Tollowed by a perforated
test section which permite continuous choke-free operation at Mach numbers
up to 1.4, The 1- by 3-foot supersonic tunnel is also a closed-circuit,
variable-pressure type with a flexible-plate nozzle that provides a vari-
ation of Mach number from about 1.4 to €. In boih “unnels the Reymnolds
number is changed by varying the total pressure within the approximate
limits of 1/5 of an atmosohere to 4 atmospheres.

OO

The water conteat of the air in the tunnels is maintained at less
than 0.0003 pound of water per pound of dry air. Consequently, any effect
of humidity on the flow is negligible.

Models and Supports

Sketches of the models tested are shown in figure 1. The model in
figure l(a) had external fittings and engine fairings such as might be
expected on a large liguid-fuel booster. In addition, the model had a
Tlat-faced adapter section for attachment of a payload. The model in
figure 1(b) was the came sc that in figure 1(a) except that the externsl
fittings were remcved. Foy the model in figure 1(c) the external fittings
and the booster engine “airings were removed, leaving a clean cylindrical
body. The model bodies were constructed of =lum®num and the fittings and
Tairings of brass. Photographs of the complete model mounted in the tegs
sections of the 1- by 3-foot and 2- by 2-foot wind tunnels are presented
in figure 2. The support mountings shown in the photographs are explained
in the next paragraph.

In order to test the models throughout the desired angle-of-attack

s
range of agbout 0° to 10 » Tour support mountings were employed - mountings
A, B, C, and D criented as indicated in figure 3. The angle-of-attack
ranges obtained with these mountings were approximately as follows: —4°

to h0% with A, 155° to 1847 with B, 35° o 1000 wiin C, and 957 to 160°
with D. For the base and front mountings (A and B) a strain-gage balance
was positioned inside the model. For the side mountings (C and D) the
balance was positioned just external to the model and shielded with a
shroud. For the model mountings sketched in figure 3 “he model is shown

at zero bank angle (m=0%). Provision was made tc mount the wmodels also

at 90° bank angle.
Sy - .
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Tests

U1

Balance measurements of normel force, axial force, and pitching moment
were obtained for the complete booster model (fig. 1(a)) at free-stream
Mach numbers of 0.60, 0.80, 0.90, 1.00, 1.10, 1.30, 1.39, 1.98, 2.9k, and
L.06. The other two models (figs. 1(b) and (c)) were tested cnly at Mach
numbers of 0.60, 1.00, 1.98, and 4.06. The Reynolds number, based on model
diameter, ranged from 0.22x10° to 0.93x10% for the tests. Except for
Mach numbers 1.10, 1.30, and 1.39, where the angle-cf-attack range was
limited because of tunnel blockage and support vibrations, the models were
tested at angles of attack from about -4° to 184°. The complete booster
model was tested at bank angles (@) of 0° and 900. The other models were
tested at ¢ = 90° (see fig. 1(a) for ¢ orientation).

For all tests the shadowgraph technique was employed to observe model
flow fields. Shadowgraph pilctures were taken, some of which are presented
later. Selected tests at both subsonic and suversonic Mach numbers also
were made with the models painted with a subliming solution. The sublima-
tion technique was used in conjunction with the shadowgraph to ascertain
the state of the boundary-layer flow. For the sublimation technique the
models were sprayed with an O-percent soluticn of biphenyl in petroleum
ether. This solution dries on contact with the model surface and presents
a white appearance. As the wind tunnel is operated, sublimation takes
place with laminar regions remaining white and turbulent regions showing
the basic model surface.

Reduction and Precisicn of Data

All the force and moment data have been reduced to coefficient form
and are referred to the body axes system. Pitching-moment coefficients
are taken about the model reference center shown in figure 1(a). All
coefficients are based on the maximum cross-sectional area A of the cylin-
drical portion of the body with no fittings included. The diameter 4
c? the cylindrical portion is taken as the reference length in the moment
coefficients.

Axial-force coefficlents presented in this report were obtained from
the expression

where CAT is the total axial-force coefficient measured along the balance
axis; © is the angle between the longitudinal axes of the model and bal-
ance for the various model mountings (fig. 3); and
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In this relation for CA%. Py 1e the talance wrescure measured at the
J

balance-model connect lon, and Ab ls the nrea over wiulch p 1c consld-

BRS)

ered acting. For the models mounted from the bare (mounting A), Ay,

taken as the area of the cylindrical body nnd A A = 1. For the models
mounted from the ifront (mounting B) . Ay s taken zs the frontal area »f
the nose adapter, and Ab’A = 0.399. Tor the slde mountings (C and D).

Ab ig assumed to be zeroc.

The precislon o the final data Ls affected by uncertaintlies In the
measurement of the forces and moments, and in the delermination of the
stream static and dvnamic pressures used in reducing The forcec and mements
to coefficient form. These individual wncertaintier led 1o ectimated
uncertainties which are listed as follows:

Cy +0.08 o +0.1°
Cp L, +0.01

Co +0.15

Any effects of possible sting-support interference on the model have been
neglected in estimating the precision.

ANALYTICAL CONSIDERATIONS

Estimalion of Aerodynamic Characterlglics
of Booster at Angle of Attack

Fost analytical procedures for computing the aerodynamic character-
istice of bodies and misscile-type configurations have heen based on poten-
tial theory and are limited in usefulness to low angles of attack. Allen
in references 1 and !’ proposed a method for predicting the forceg and
moments for bodies inclined to angles of attack considerably higher than
ithose for which theories based only on potential-[low concepts are known
to apply. In this method a crossflow 1ift attributed to flow separaticn
ig added to the 1lift predicted by slender-body potential theory. Thic
procedure has been used quite successfully in ectimating the aerocdynamic
coefficients of inclined bodies, although most dnta available for study
have been for bodies at angles of attack below sbout 20Y. 1In the nregent
investigation the method has been adapted for use in estlmating the forces
and momente for the models inclined al angles of attack up to 1407,
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For the sign convention in the above sketch, the formulas or
normal-force, axial-force, and pitching-moment coefficient are

A 1 A - s
i R S & D o2t C
Cy = . sin 2a' cos = + ncdc i sin“al; 0° < a < 10 (1)
Cp =C cosfa'; 0° < a < 90° ()
A= Ca 0 ; <a<
Cp = CAq;lB“O cos®al; P° < a < 180° (3)
- A (7 - x t
Coy = [Q i m‘ﬂ sin 2a' cos =
m Ad 2
N
- X kY N
+ 7Ca, éﬁ./%g____gyﬁsinem'; o <a< 90° (&)
AN da - -
and
Q - Anx
Cm = - <—-——Ad—.bi-—lil> sin 2a' cos -g;'—
A - X \ . 0
v ey #2 @#—c/ sinfal; 907 <a <1807 (5)
where

) \ o} .
a' = a for 0° <a< 90" and o' = 180-a for 90 < a < 180



The center of pressure meanured from the nose face 1s then given by

N
- (%m _ Ca) 6
ch \ d CN//‘ a ( )

In the expressicns for Cy and Cp, Cg 1s the crossflow drag coef'-
ficient for a circular cyliader placed normal to an airstream; Cdc is a
function of the Mach nurber normal to the cylinder axis and may be approx-
imated by the data in figure 4. The experimental curve in figure 4 was
determined from data plotted in references 3 and 4. The curves by
Newtonian and modified Newtonian theory (e.g., ref. 4) are merely shown
for comparison.

Also in the expressions for Cy and Cy . 7 le the ratio of crossflow
drag coefficient for a body of finite fineness ralio to that for a body
of infinite fineness ratioc. Unfortunately, cylinder drag coefficients
from which 7 can be computed have been measured, to the authors? knowl-
edge, only at very low Mach numbers (refs. 5 and 6). Tor subsonic free-
stream Mach numbers, the value of 17 for the present study (n=0.65) has
been taken from a plot of 17 versus 1/4 in reference 5. For super-
sonlc free-stream Mac: nuwribers, m has been assumed to be unity, an assump-
tion indicated as being essentially correct from past Investigations

r

(e.g., refs. 2, 7, and J).

It should be recognized that, in the strictest sense, the specified
method for estimating the =erodynamic characteristics is only applicable
for sharp-nosed slender bodies because of the potential 1ift term (see,
e.¢g., Tirst term in eq. (l)). However, except for sngles of attack near
09 and 1807, the potential term is fairly insignificant, most of the 1ift

coming from the semiermpirical crossflow 1ift term.

Estimation of Axial-Force Coefficient of Booster at
Angles of Attack of 0 and 1807

To predict the wariation of Cp with angle of atiack by equations
(2) and (3)6 either computed or measured values of axial-force coefficient
at o of 0° and 180Y are required. As a first aspproximation in estimating
Ca —00 and C, Y it 1s ussumed that the booster is essentially a body

of revolution consisting of
~A

a flat-faced capsule adapter, a conical frustum,
and a cylindrical body sectio

plon.

When base axial force is omitted,

—J

CAGPOO = CAa + CAf + CASF (
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where Cp  represents the pressure contribution of the nose adapter,
a

CAf the pressure contribution of the conical frustum, and CASF the

skin-iriction contribution.

For supersonic Mach numbers it is assumed that the pressure over the
face of the adapter is equal to stagnation pressure; hence,

aa (&)
= a | 8
CAa CpStag <;cv/
where Cp " as a function of Mach number is plotted in figure 5.
stag
For the conical frustum,
2
3 (9)
Car = [l—<écy/ J CAcone

where Cp is the axial-force coefficient for the cone given by "exact"

cone theory. Values of CAcone can be obtained from the plots in refer-

ence 9. For the booster in the transonic regime, no estimates of CAa
and CAf are agttempted.

The skin-friction contribution, CA , can be readily computed by the

classical methods outlined in reference 10. For most boosters it is
probably realistic to assume a turbulent boundary layer and compute the
skin friction by the T! method (see ref. 10).

For the configuration at « = 1800, the axial-force coefficient is

assumed to be given approximately by the addition of Cp " and CASF.
sta,

In all the estimations, the axial-force contributions of thg external

fittings and engine fairings have been omitted.

RESULTS AND DISCUSSION

Experimental values of Cy, Cp. and C, as functions of angle of
attack are plotted in figures g through 9. In addition, shadowgraph
pictures of the models at superscnic Mach numbers are presented without
comment in figures 10 through 17. (Shadowgraph pictures of the models

at the lower Mach numbers were not of sufficient quality for reproduction.)

In the following brief discussion some of the data are used to illus-
trate the effects on the forces and moments resulting from change in Mach
number, change in angle of bank, and removal. of external fittings and

PN



engine fairings. Cenler-cf-pressure curves have been computed from experi-
mental Cy and C, curves and are presented along with these curves. From
shadowgraph and sublimsticn studies it was concluded that the measured
values of Cp were far the models with essentinlly all-turbulent boundar:
layers. 1In the discussion, some of the experimenlal results are used in
an assessment of the vrevisusly outlined analytical method for estimating
booster force and moment characteristics.

Experimental Force and Moment Characteristics

Effect of Mach number.- As shown in figure 18 changes in Mach nurber :
had considerable effect on the booster aerJdJu, ic characteristics. The

varlatlons in the characteristics were largest throughout the range frog /
M_= 0.6 to about M_ = 2 and at angles of attack from about 40° to 1h07.

In general, CN increased with increase in Mach nuwrber throughout this

range (fig. 18(a)). At Much numbers asbove about = there was, in general,

a gradual decline in CN with further increase in Mach number. It is

well to note that, in contrast to the results a® o from about 40° to 1407,
there was little effecl of Mach number on Cy &t o up to about 10° and
higher than 170°. However, at these angles of attack the greatest vari-
ations in center of pressure with Mach number occurred (see fig. 18(d)).

Effect of angle of bank.- The effect on the aerodynamic character-
istics of change in angle uf bank () from 0° tc 90° can be seen from
figure 19. Apparently because of about 13 percent greater lifting area
for the booster model at ¢ = 90 than at 1 = 0”, the maximum values oi
Cy (fig. 19(a)) were sbout 10 to 13 percent higher at = = 90%, However,
except for « from about 300 to 150°, there was ossenfially no effect of
¢ on Gy« As might he then expected, the ef ffect of © on Cp (fig.

o~
L

19(b)) is only noticeable at a from about 30° < 1507 .

Although at both + = 0% and « = 90° the boovﬁer was unstable except
at very high a, the ingtsbility was less at o = WO because the engine
fairings at the rear provided additional rearward lifting area (fig.

l9(c)). With the fairiness at the rear, the bonster at 7= 90% trimmed
at lower o than at -+ = 07. It is 1nuerestlng to note that with increase
in Mach number the trim o decreased for -+ = 90 2nd increaced for

re (00 9(6 )) moved
1o oo o= o,

= 0. At all Mach numberc the center of pre
rearward as the booster was rotated from = O

Effects of external fittings and engine fairinpgs.- TIn order to assess
the effects of the external fittings and enginc fairings on the aerodynanic
characteristics, selected iests were made 2f a model with the external
fittings removed and of a wadel with both Lthe externs] Tittings and engine
fairings removed. Results [rom these tests are compared in figures 20 and
21. The comparisons indicale that the external Tittings had small cffect




on the forces and moments, whereas the engine falrings had coneg lderable
effect (see fig. 21). An appreciable amount of normal force can be atirib-

uted ?D the enrine fairings, especially at o near maximum CN- AL proth
o= 0¥ and o= QOD the fairings provided a stabllizing elfect by moving
the center of pressure rearward. This rearward shift no doubt resulied
from additional rearward 1ift caused by the falrings. Bven with the wode.
oriented at = 0° so that the fairings did not contribute to tne plnn

area, additional 1ift resulted. A similar result was observed In reler-
ence 11 in a study of elliptic cones. Elliptic cones oriented with the
major axes in the 1ift direction developed more 1ift than o -cular coies
oi the same lifting plan area.

Comparisons of Estimated and Experimental
Force and Moment Characteristics

Axial forces at o = 0° and a = 1807 .- In figure - ¢ ~~ariscng are
made of computed and measured variations of axisl-force - ent, Cps
with Mach number for the model without external fitting. “ne fair-
ings. The various components of Cp, which were compuls methods
previously outlined, are also indicated. It is seen tiw : . oout the
supersonic speed range the computed and measured resuli ¢ o« snably
close, although the computed values are a little higher '~ nmeasured.
(No computations were attempted for the transonic range.. foved values
of Cp for the complete model (fittings and fairings i1 Tt oare also
plotted for corparison. Because the differences betweeun v cusured Cp
for the models with and without external fittings are no . oo o, the com-
puted axial-force curve for the model without fittings can uc used as an

ectimate for the complete model.

Forces and moments at angles of attack from 0° to 180°.- In figures
23 and 24 comparisons are made of computed and experimental aerodynamic
characteristics for the models at angle of attack. The computed curves
were determined by equations (1) through (5). Except for the axial-force
comparisons, the calculations have been made both for the complete model
and the model without external fittings and engine fairings. In each case
the sppropriate plan-form area, Aps has been used in the Cy and Cp
equations. Axial-force coefficients have been estimated only for the
model without external fittings and engine fairings, and a turbulent
boundary layer has been assumed .

The comparisons show that the experimental variation of Cy with a
is predicted best at supersonic Mach numbers (see rigs. 23(a) and 2h(a) ).
The analytical method fails at subsonic Mach numbers in predicting the
rapid rise of Cy with @ attributed to the addition of fittings and engine
fairings to the basic body- With the engine fairings and fittings remcved,
however, the method predicts the experimental Cy results falrly well at
subeonic as well as at supersonic Mach numbers. Uafortunately, at all
Mach numbers the prediction of Cp with « (rigs. 23(c) and 2h(e)) leaves

_— 9



something to be desired f all models. As a result, the center-of-
pressure predictions at some angles of attack are in error by as much as
half a body diameter (see tigs. 23(d) and 24(d)).

or
on

CONCLUDING REMARKS

It has T:en shown that significant changes in booster force and moment
characterist: s can result from changes in Mach number. It also has been

demonstrated typical engine fairings can contribute substantially to
the characte:; £s. Even with a booster banked s=o thet the engine fair-
ings did not htribute to the lifting plan area, there was an appreciable
increase in a2l force over that for a model without fairings. In con-
trast to the ine fairings, the external fittings had little effect.

An an 1 method for computing the force and moment charscteris-
ties for ' at angles of attack from 0° <o 180° has been presented.
From comr f computed with experimental results, it appears that
the vari >rmal-force coefficient with angle of attack can be
estimate - Ly well at supersonic Mach numbers. However, at sub-
sonic Me the method fails to account for the large influence
of the e ttings and engine fairings in increasing Cy+ At all
Mach num. is still much to be desired in +the prediction of Cp, -
Ames Reseax nter

Nationai Aeronautics and Space Administration
Moffett Field, Calif., July 17, 1961
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Dimensions shown
in inches

(a) Complete model.

Figure 1.~ Sketches of models.
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(b) Model without external fittings.

(c) Model without external fittings and engine fairings.

Figure 1.- Concluded.
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(a) Model on mounting D in the Ames 1- by 3-foot wind tunnel.

Figure 2.- Photographs of the complete model.
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A-26580
(b) Model on mounting C in the Ames 2- by 2-foct transoniec wind tunnel.
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A-26581
(c) Model on mounting A in the Ames 2- by Z2-foot ‘transonic wind tunnel.

Figure 2.- Concluded.
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Mounting A, 8 = 0°
a P
C Llr—i ﬂ1 )
Mounting B, & = 180°
Mounting C Mounting D

Figure 3.- Model mounting orientation.
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Figure 5.~ Variation with Mach number of the stagnation pressure
coefficient computed from perfect-gas relations.
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{a) Normal force.

(b) Axial force.

Figure 18.- Effect of Mach number on aerodynamic characteristics of the
complete model at ¢ = 0°.



{c) Pitching moment,

/a =10°

@ =40°

Da =120°
\a =140°

Moment reference center

N ————
~q =170°

7 '_}",,'\34 ] 1 | ! i | |

-2 1 0] 14 1.8 22 26 30 34 38 42

M.
(d) Center of pressure.

Figure 18.- Concluded.
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Me=4.06

Moo = 1.98

Me= 090

Me=060

s

OQg

a ,deg
(a) Normal force.

Figure 19.- Effect of angle of bank on aerodynamic characteristics of

the complete model,
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0 20 40 60 80 100 120
a,deg
(c) Pitching moment,

Figure 19.- Continued.
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Mx=406 O

Me =198

Mo=0.90

Me=0.60
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o= o - -,
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i A Moment reference center \
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A \
6 O AN
f by ~—
[
7 L3 ! I ! | 1 ! 1 J

0 20 40 60 80 100 120 140 160 180
a,deg
(d) Center of pressure.

Figure 19.- Concluded.
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M =1.98
Me = 1.OO
M&=0.60

- 59

O Complete model
O Model without external fittings
and engine fairings

09 :
o) o
2 —
0L ey Y
© S

2+

0 ! ! | | | i | L o)
0 20 40 60 80 100 120 140 160 180

a ,deg

{a) Normal force.

Figure 20.- Effects of external fittings and engine fairicr)lgs on the

aerodynamic characteristics for models at ¢ = O
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Mwo=4.06

Me =100

Me=0.60

» O 61

i [e] Completé -mod‘e-l )
& Model without external fittings
ond engine fairings
6 —

a

o T3 O

—

04 W

_2 L
_4 |
-6 ] I 1 1 L 1 ! !
0 20 40 60 80 100 120 140 160 180

a,deg
{c) Pitching moment.

Figure 20.- Continued.
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Mw=406 O : =
Experiment
———  {omplete model
— o — —  Model without external fittings
o and engine fairings

Mo=198 O -
\ —

Mg=1.00

Mx=0.60

Xep/d

H
/7

Moment reference center

S5i: A

P

h L

?:::?:
oF !

| )

o
7T | L | | | | 1

o 20 40 60 80 100 120 140 160 180

a ,deg

(d) Center of pressure.

Figure 20.- Concluded.
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Mx=4.06
Mx=1.98
Mo =100 O9 s b
(@] Complete model
2 o Model without external fittings
©  Mode! without external fittings
and engine fomngs
H 1 ] |
Ma=0.
060 o) 20 40 60 80 IOO 120 I4O |60 I O

a ,deg
(a) Normal force,

Figure 21.- Effects of external fittings and engine fairings on the
aerodynamic characteristics for models at ¢ = 90°.
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Me=4.06

Me=0.60

- 65

(o] Complete model
a Model without external fittings

¢ Model without external fittings
ond engine foirings

20

40

60 80 100 120 140 160 180
a,deg

(c) Pitching moment.

Figure 21.- Continued.
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Me=4.06

Mw=1.98
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— — — — Complete model
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I+ Mode! without external fittings
a ond engine fairings
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Figure 21 .- Concluded.
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. rGRy =
4 Estimate- - Ex-p;;imen.r- D = — -
— [o) Model without fittings
and engine fairings
12 | — - — [w] Complete model )
B
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o [e]e] o\
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(a) Normal force

Moo= 0.90 oJ:P“

Me=0.60

Figure 23.- Comparison of estimated and experimental aerodynamic
characteristics for models at o = 0 .
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Mo = 4.06

M =1.98

Mg =0.90

Mo =0.60
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8 Estimate 7 Experiment
—_— o} Model without fittings
ond engine fairings
6 | — a Complete model
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Figure 23.- Continued.
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Mo=406 O

Estimate

Ma=1.98

Experiment
Model without fittings

and engine fairings
_____ Complete model

Mx=0.90

Mx=0.60

_____

oment reference

| I I | 1 l

20

40 60 80 100 120 140 160
a, deg
{d) Center of pressure.

Figure 23.- Concluded.
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